ABSTRACT: Based on Rytov method, on-axis scintillation index of laser communication link in a weak oceanic medium is formulated for collimated annular beam. Employing these obtained scintillation values, average bit error rate (<BER>) is evaluated where the intensity has log-normal distribution.
INTRODUCTION
Optical communications in underwater channels have fluctuations in the intensity measured by the scintillation index. This affects the behaviour of the <BER> which is one of the most important performance criteria in the link design. Some studies concerning the scintillation index of laser beams DOI: 10.15317/Scitech.2017.87
show how much the fluctuations in the intensity, measured by the scintillation index, impress the optical communication in not only weak turbulence but also in strong turbulence. Also the types of beam model effect the scintillations, hence the <BER> at the receiver (Tatarski, 1961; Ishimaru, 1978; Andrews et al., 2001; Andrews et al., 2005; Arpalı and Baykal, 2009; Arpalı et al.,2008; Vetelino et al., 2007; Sandalidis et al., 2008; Tyson et al., 2005; Namazi et al., 2007; Gerçekcioglu and Baykal, 2011; . Studies involving scintillation index of annular beams have revealed important results at the atmospheric channel Gerçekcioglu and Baykal, 2011; .
The propagation of various kind of laser beams used in wireless optical links in underwater channels will cause intensity fluctuations, also affect the performance of optical communication link (Kumar et al., 2011; Lu et al., 2006; Korotkova et al., 2012; Baykal, 2015; Yousefi et al., 2015; Yi et al., 2015; Gökçe et al., 2016; Baykal, 2016; Cheng et al., 2016; Peng et al., 2017; Nikishov and Nikishov, 2000; Gerçekcioglu, 2014; Ata and Baykal, 2014) . Especially, the scintillation indices of optical plane and spherical and Gaussian beams propagating in underwater turbulent media are researched by using the Rytov method (Gerçekcioglu, 2014; Ata and Baykal, 2014) .
In this study, thanks to utilizing the spatial power spectrum of the refractive index of atmospheric media and developed on-axis scintillations in the weak atmospheric optical horizontal links, with the spatial power spectrum of the refractive index of homogeneous and isotropic oceanic water, collimated annular beams propagating in underwater turbulent media are analyzed and the scintillations and <BER> are evaluated in horizontal oceanic optics links by using the Rytov method. Scintillation index of collimated annular beams at changing features for propagation distance and source size is shown. Furthermore, scintillation index and <BER> versus <SNR> are found by using the log-normal distributed intensity for the collimated annular beams versus the for non-dimensional ratio of the relative strength of temperature and salinity fluctuations w , various source sizes   is represented as (Lu et al., 2006; Nikishov and Nikishov, 2000) , 
where, the rate of the dissipation of the mean squared refractive index fluctuation is 
and the annular beam incident field at the source plane is given as (Gerçekcioğlu et al., 2010) .
Substituting Eqs. (3), (4) and the spatial power spectrum of refractive index fluctuation given in Eq. (2) into Eq. (1), performing the integration over  and  , the on-axis scintillation index of annular beams in weak oceanic turbulence is found which is expressed as, 
RESULTS AND DISCUSSIONS
In this section, the results are obtained by utilizing the derived formulations in section 2 which are valid in oceanic weak turbulence. As taken in my article published in 2014, it is noted that 1.55 m However, for the annular beam, small source size yields much lower <BER>. It is also observed that when  is larger,<BER> increases.
CONCLUSION
In this study, based on the temperature and salinity spatial power spectrum of underwater fluctuations, on-axis scintillation index of annular beam is derived analytically for horizontal optics communication links in a weak oceanic turbulence by utilizing Rytov solution, and <BER> with lognormal intensity distribution is examined. The results of the on-axis scintillation index of annular beam for horizontal optics communication link in weak oceanic turbulence are found to be similar to the previously obtained results for horizontal optics communication links in weak atmospheric turbulence. Our results show that as compared to collimated annular beam, annular beam yields much bigger scintillations at short distances, unlike long distances as in other articles (Namazi et al., 2007; Gerçekcioglu and Baykal, 2011) . Propagation distance is taken shorter than the distances in atmospheric links because strong oceanic turbulence can occur at short distances (Lu et al., 2006) . As the annular beam thickness decreases, the scintillation index, and naturally <BER> as well increase. Gaussian beams are found to be favorable when compared to annular beams at the stated distances.
For collimated annular beam in a weak oceanic medium, the figure, including scintillation indices versus propagation distance, shows that as secondary source size increases, scintillation index increases at constant, primary source size, rate of dissipation of turbulent kinetic energy per unit mass of fluid, and rate of dissipation of the mean squared temperature. Again, at constant, stated propagation distance, rate of dissipation of turbulent kinetic energy per unit mass of fluid, and rate of dissipation of the mean squared temperature, when scintillation index and <BER> at fixed <SNR> versus source size is depicted, as secondary source size increases in proportional to the primary source size, scintillation index grows up. But, thinner annular beam has more advantages after a certain value without zero secondary source size. Just as the growth in the rate of dissipation of the mean squared temperature increases scintillation index at fixed, the stated propagation distance, primary source size, and the rate of dissipation of turbulent kinetic energy per unit mass of fluid, the growth in the ratio of temperature and salinity fluctuations increases scintillation index, and the growth in the rate of dissipation of the mean squared temperature increases scintillation index at fixed, the stated propagation distance, primary source size, the rate of dissipation of turbulent kinetic energy per unit mass of fluid. At certain values for the propagation distance, primary source size, and the rate of dissipation of the mean squared temperature, for the smaller value of the rate of dissipation of turbulent kinetic energy per unit mass of fluid and chancing <SNR>, annular beam has more disadvantage than Gaussian beam. However, derived formulation analytically is more important for horizontal optics communication link. The results yielded in this paper can be used in the analysis of wireless optical communication links employed in ocean.
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